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[57] ABSTRACT
A direct resistance heating electrical furnace of the type

-1 which a bed of electrically conductive elements are

located between two spaced electrodes 1n the furnace,
and a method of controlling the operation of same, are
provided. The furnace 1s of the type having a generally
tubular heating chamber with a pair of spaced elec-
trodes associated therewith and conveniently located
one at each end of the tubular heating chamber. The
furnace has feed or discharge control means and the
rate of feed or discharge is controlled according to the
electrical resistance or current flow between the elec-
trodes. No temperature measurement i1s required to
control the furnace operation.

19 Claims, 2 Drawing Sheets
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DIRECT RESISTANCE HEATING ELECTRICAL
FURNACE ASSEMBLY AND METHOD OF
OPERATING SAME

FIELD OF THE INVENTION

This invention relates to direct resistance heating
electrical furnaces of the type in which an electrically
conductive solid particulate material 1s heated by pass-

ing electrical current directly through a bed thereof.

Such particulate material may be introduced either in
batchwise, semi-continuous, or continuous manner to

the furnace. The invention also relates to a method of

operating such a furnace assembly.

BACKGROUND TO THE INVENTION

Direct resistance heating electrical furnaces of vari-
ous types have been proposed in which electrical cur-
rent is passed between two spaced electrodes having a
bed of conductive particulate material therebetween.
The resistance of the bed causes it to heat and thereby
give rise to some form of chemical or physical change in
the material or other sub-divided, solid or gaseous mate-
rials admixed therewith.

As far as applicant is aware, the control of such fur-
naces is generally achieved either empirically by an

operator or by measuring the temperature of the bed of

particulate material at one or more predetermined posi-
tions within the furnace. The residence time of the ma-
terial in the furnace at a predetermined temperature
determines the extent of the chemical or physical
change and thus the quality of the product.

The disadvantage of utilising temperature measure-
ments, for example by means of one or more thermo-

couples at one or more specific locations within the
furnace, is that the measurement may be inaccurate by
reason of prevailing hot or cold spots at such location or
locations. Also, where thermocouples are employed,

their life is generally limited and often the operation of

a furnace is interrupted when a thermocouple ceases to

function correctly. These factors, in turn, lead to super-
~ vision being required and also to repair and replacement
of components, in particular thermocouples, being nec-
essary from time to time.

Furthermore, such furnaces often have an outlet
valve at the bottom of the furnace which can have a
deleterious effect on certain particulate materials being
treated therein, for example granular activated carbon
which is being reactivated.

It is the object of this invention to provide a direct
resistance heating electrical furnace assembly and
method of operating same in which the aforementioned
disadvantages may, at least to some extent, be allevi-
ated.

SUMMARY OF THE INVENTION

In accordance with one aspect of this invention there
is provided a direct resistance heating electrical furnace
comprising a heating chamber having an inlet for the
introduction of material thereto and an outlet for the
removal of heated matenal therefrom; a pair of spaced
electrodes associated with the chamber which 1is
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determining means for controlling the operation of the
furnace.

Further features of the invention provide for the
heating chamber to be a substantially vertically onen-
tated tubular heating chamber; for the heating chamber
to have an inlet at its operatively upper end and an
outlet at its operatively lower end; for the electrodes to
be axially spaced apart and, preferably, to be annular in
shape conforming to the shape of a tubular heating
chamber, and optionally forming a continuation
thereof: for a heat exchanger to be associated with the
outlet from the heating chamber for the recovery of
heat from processed particulate material; and for the
control means to be adapted to control the feed and/or
discharge of material to or from the heating chamber
according to signals received from the detector means.

Still further features of the invention provide for a
discharge mechanism to be provided at the outlet to the
heating chamber; for said discharge means to be acti-
vated and deactivated by the control means; and for the
discharge means to be a transverse vibrating type of
conveyor (feeder).

In accordance with a second aspect of this invention
there is provided a method of controlling the operation
of a direct resistance heating electrical furnace compris-
ing determining the resistance and/or current flowing
between the electrodes of a direct resistance heating
furnace and controlling the feed and/or discharge, to or
from the furnace, according to the detected current or

‘resistance.

Further features of this aspect of the invention pro-
vide for discharged heated material to be passed

through a heat exchanger for the recovery of heat
therefrom and for the recovered heat to be employed

for pre-heating and/or drying feed material to the fur-
nace.
It is a particular feature of this invention that the

40 particulate material being treated in the furnace be recy-
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adapted to receive an electrically conductive bed of 65

solid particulate material, means for determining either
the current flow or electrical resistance between the
spaced electrodes, and control means coupled to the

cled granular activated carbon which is being subjected
to reactivation. In such a case the furnace is provided
with an inlet for steam or carbon dioxide and in this
instance recovered heat from the outlet matenals can be
employed for the generation of the steam.

It will be understood that the basis of this invention
relies on the fact that the resistance of a furnace charge,
in this case the particulate material, decreases with in-
creasing temperature and, accordingly, the resistance or
current at a predetermined voltage, 1s employed as an
indirect indication of the temperature profile in the
furnace for any particular material. Consequently, the
determination of resistance or current can be employed
to control feed and/or discharge mechanisms to remove
processed material and introduce further feed material.

In order that the invention may be more fully under-
stood one embodiment thereof will now be described
with reference to the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a schematic sectional illustration of a direct
resistance heating electrical furnace adapted for opera-
tion according to the invention; and,

FIGS. 2A, 2B and 2C (collectively referred to herein
as FIG. 2) illustrate the controlled operation of the
furnace in use.
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DETAILED DESCRIPTION WITH REFERENCE
TO THE DRAWINGS

In this embodiment of the invention a direct resis-
tance heating electrical furnace, generally indicated by
numeral 1, has a vertically extending tubular heating
chamber 2 of circular cross-section, and the major por-
tion of the length of which is defined by a refractory
sleeve 3 for example of silicon carbide. At each end of
the sleeve is an annular graphite electrode 4 and §, the
inner surfaces of which are aligned with the bore
through the refractory sleeve 3 to form a continuous
tubular heating chamber.

The electrodes and refractory sleeve are encased
within a thermal insulation jacket 6 with suitable insula-
tion material 7 therein.

The upper end of the furnace chamber has a hopper 8
for feeding materials thereto and the hopper, 1n turn, is
fed from a dryer 9 for drying material to be fed to the
furnace.

The lower outlet end of the furnace chamber commu-
nicates with a collinear heat exchanger 10 fitted with a
heat exchange jacket 11.

The lowermost end of the heat exchanger 1s directed
downwardly onto the tray 12 of a vibrating conveyor
assembly, generally indicated by numeral 13, which 1s
adapted to convey particulate material transversely
away from the lower end of the heat exchanger.

It will be understood that material is retained in the
furnace chamber and heat exchanger by the natural
angle of repose of the particulate material resting on the
tray of the vibrating conveyor and that material is only
conveyed transversely away, to allow fresh feed mate-
rial to enter at the top of the furnace chamber, when the
vibrating conveyor is in fact in operation.

The electrodes have an upper terminal 14 connected
to the upper electrode and a lower terminal 15 con-
nected to the lower electrode for supplying electrical
current thereto. The lower electrode may be tubular
and embody a gas inlet 16 for the introduction of any
required gases for a reaction being carried out in the
furnace.

The terminals are connected to a power supply 17
and a detector/controller arrangement 18 is connected
into the circuit so that the detector portion thereof
detects the current flowing between the electrodes.

The controller of the arrangement embodies a switch
activator which operates a switch 19 in a power supply
20 to the vibrating conveyor. |

The above arrangement is such that, in operation, the
current flowing between the terminals is monitored by
the detector and, when it reaches a certain high value,
the controller operates to close the circuit to the vibrat-
ing conveyor. The latter then operates to move particu-
late material resting thereon transversely away and
make room for fresh feed material to enter the top of the
furnace chamber.

In one application in which applicant is particularly
interested, the furnace is employed for the reactivation
of granular activated carbon which therefore forms the
conductive particulate material within the furnace. In
such a case steam, or carbon dioxide, can be introduced
through the gas inlet 16 associated with the lower termi-
nal 13.

Also, in this application, the wet carbon can be intro-
duced into the dryer and can be dried by means of heat
recovered from the heat exchanger 10 which serves to
extract heat from reactivated carbon therein. Alterna-
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steam to be introduced through the inlet 16.

Once sufficient feed material has moved into the
furnace chamber, and partly reactivated and heated
carbon moved downwardly somewhat in the furnace
chamber, the current flowing between the electrodes
will decrease. When it decreases to a predetermined
extent, the controller switches off the power supply to
the vibrating conveyor and the material ceases to move
downwardly in the furnace chamber until the electrical
current is once more at a predetermined high value. At
that stage further reactivated carbon is ready for dis-
charge into the heat exchanger and thence out by way
of the vibrating conveyor. |

In use, one commercial furnace was monitored to
assess the performance and control thereof. The furnace
was designed to have a capacity of 3 Kg/hr of granu-
lated activated carbon to be regenerated. Steam was
used to effect the regeneration and the furnace was
substantially as described above.

The potential across the electrodes was maintained at
160 volts and the current monitored by the detector and
the measurement utilised, through the controller 18, to
stop and start the vibrating feeder to promote through
flow and feed of fresh activated carbon to the top of the
furnace.

It was found that it was possible to control the dis-
charge such that a required average production rate
was achieved bearing in mind that discharge and conse-
quent feed takes place in an intermittent fashion. The
current required to achieve the necessary temperatures
was about 13 Amps and the controller was adapted to
switch the vibrating feeder on at a current of 15 Amps
and off at a current of 12 Amps. Production rate varied
apparently due to varying moisture contents of the feed.
The results over an 8 day period are shown graphically
in FIGS. 2A~C in which the feed (discharge) rate, cur-
rent and activity of the regenerated granular activated
carbon are shown as against time.

The furnace, and in particular the control thereof
using the expedient of this invention therefore operated
extremely well.

It will be understood that the furnace described
above, and its method of operation, will provide for
substantially less maintenance and supervision of a fur-
nace of this nature as no thermocouples with their ac-
companying disadvantages need be present. On the
other hand current measuring devices such as thyristors
are highly reliable.

It will be understood that numerous variations may
be made to the embodiment of the invention described
above without departing from the scope hereof. In par-
ticular, the physical arrangement, shape and location of
the electrodes can be varied widely as can the configu-
ration of the furnace chamber. Also the means of con-
trolling the flow of particulate material through the
furnace chamber can be varied widely and, indeed, a
conventional valve could be employed where it does
not deleteriously affect the material being passed there-
through. It is to be mentioned that a vibrating conveyor
is considered less deleterious than such valves, at least
when applied to granular activated carbon. Also, the
gas inlet 16 may be omitted entirely or may be relocated
to any suitable position within the furnace as circum-
stances may dictate. .

It is considered that a direct resistance heated furnace
assembly operated in accordance with this invention
will provide advantageous results and, also, will require
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less supervision and less maintenance than prior art
similar assemblies.

What I claim as new and desire to secure by Letters
Patent is:

1. A direct resistance heating electrical furnace, com-
prising:

a heating chamber having an inlet for feeding mate-
rial thereto and an outlet for discharging heated
material therefrom, the heating chamber constitut-
ing means for receiving an electnically conductive
bed of solid particulate material; _

a pair of spaced electrodes associated with the cham-
ber:

means for determining a variable electrical quantity
selected from a group consisting of current flow
between the spaced electrodes, and (2) electrical
resistance at a predetermined voltage across the
spaced electrodes; and

control means, coupled to the determining means, for
controlling the feed and discharge of matenal to
and from the heating chamber according to the
variable electrical quantity;

wherein operation of the control means is carried out
independently of direct temperature measurements
of the electrically conductive bed of solid particu-
late material.

2. A furnace as claimed in claim 7 in which the heat-
ing chamber is a substantially vertically orientated tubu-
lar heating chamber.

3. A furnace as claimed in claim 1 in which the heat-
ing chamber has the inlet at an operatively upper end
thereof and the outlet at an operatively lower end.

4. A furnace as claimed in claim 1 in which the heat-
ing chamber 1s tubular and the electrodes are spaced
apart axially to define a heating zone therebetween.

5. The furnace of claim 4, wherein:

the electrodes are of annular shape and have inner
surfaces forming a continuation of the tubular heat-
ing chamber.

6. The furnace of claim 1, wherein:

the outlet from the furnace has associated therewith a
heat exchanger means for extracting heat from the
product.

7. The furnace of claim 1, wherein the control means

includes: -

means for controlling the discharge of material from
the heating chamber according to signals received
from the determining means.

8. A furnace as claimed in claim 7 in which the outlet
is provided with a discharge mechanism adapted to be
activated and de-activated by the control means.

9. The furnace as claim 8, wherein:

the discharge mechanism is a transverse conveyor.

10. A furnace of claimed i1n claim 1 in which a gas
inlet is provided for introducing active gas to the heat-
ing chamber.

11. The furnace of claim 10, wherein:

the gas inlet 1s located at a lJower electrode.
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12. A furnace as claimed in claim 11 in which the gas
inlet is electrically conductive and forms the electrical
terminal connection to the electrode.

13. A method of controlling operation of a direct
resistance heating electrical furnace having a heating
chamber with an inlet and an outlet, a pair of spaced
electrodes associated with the chamber, means for de-
termining a variable electrical quantity selected from a
group consisting of current flow and electrical resis-
tance between the spaced electrodes, and control means
coupled to the determining means for controlling opera-
tion of the furnace, the method comprising the steps of:

feeding into the heating chamber electrically conduc-

tive solid particulate material;

discharging heated particulate material from the heat-

ing chamber;

heating the particulate material by passing an electri-

cal current through the particulate matenal be-
tween the electrodes:

determining a variable electrical quantity which is

one of the group consisting of (1) electrical resis-
tance at a predetermined voltage across the elec-
trodes, and (2) electrical current flowing between
the electrodes; and

controlling the feed and discharge of particulate ma-

terial to and from the heating chamber according
to the variable electrical quantity, independently of
direct measurement of the temperature of the par-
ticulate material.

14. The method of claim 13, further comprising the
step of:

extracting heat from the heated material which 1s

discharged by passing it through a heat exchanger.

15. The method of claim 13, wherein:

the heating chamber has an outlet at the bottom

thereof; _

the material is held in the heating chamber by means

of a transverse conveying means located beneath
the outlet; and

method further includes the step of activating and

deactivating the conveying means to cause dis-
charge of material from the heating chamber ac-
cording to detected values of the variable electrical
quantity.

16. The method of claim 9, further comprising:

applying a substantially constant voltage across the

electrodes during operation.

17. The method of claim 9, further comprising:

feeding an active gas to the heating chamber during

operation of the furnace.

18. The method of claim 17, wherein:

the material being heated is granulated carbon;

the active gas is steam or carbon dioxide; and

the method is carried out so as to regenerate activated

carbon.

19. The method of claim 15, wherein:

the conveying means is a vibrating feeder.
* % %X %X %
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